Abstract: In Hong Kong it was noticed that female office and factory workers use chairs that are oversized and can't support their sitting posture in a comfortable way.
INTRODUCTION
The Ergonomic Lab of the School of Design at the Hong Kong Polytechnic University initiated this study, as it was noticed that in Asia, and in this specific case China, many female office workers have problems with their office chairs.
Generally office chairs are designed for Western male and are therefore oversized for female Chinese office workers (Fig. 12) . Chinese males will probably also have problems with the size of the chairs, but this study only focuses on the female office workers, as their problems are better noticeable. An interesting aspect, that will be elaborated later on, was the use of accessories like cushions on their chairs.
Two different studies, one on user experience and one on anthropometric measures were carried out to get a broad understanding of the context. The target group were female Hong Kong office workers and female Chinese factory workers.
Several anthropometrical surveys were conducted between 1961 and 2003 throughout China and Hong Kong, but most may no longer be valid due to the demographic shift and possible alterations in the body dimensions of the population. No former studies could be found on user experience of office chairs in China.
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In China, Donghua University established a Human Science Research and Development Centre in Shanghai that initiated between 1997 and 1999 a study of the upper body dimensions of 1100 Chinese women [1] .
Within the scope of the research project 'Body Shape Study for the Comparison between Korea and China' [2] Zhang measured 2800 women from East, North and South China starting from 1999 until 2002 with the aid of traditional Martin measuring techniques. A silhouetter and the American TC non-contact body scanner were also used to measure 12 body parameters.
In 1999 the Beijing Institute of Clothing Technology founded a Human Engineering Research Centre that initiated a comparison between Chinese and Korean college women. In 2003 a size survey of Chinese women was held for a lingerie brand [2] .
For the present research it is most interesting to compare the published data of Lee and Evans' study held in 1981 and published in Pheasant [3] . The total sample size were 1557 subjects, about 36 body dimensions were measured of Hong Kong industrial workers. Also interesting are the outcomes of a research held in 1989 in South China [4] were about 19 body parameters of Southern Chinese women were measured. No information is known about the sample size of this study.
APPROACH
This research was split up into two studies, one about user experience and an anthropometric study to gain insight into the problem field. As subjects, both female Hong Kong office workers and female Chinese factory workers were selected in order to cover a large field of diversity.
Therefore the first part of the study focused on the perception of comfort and usability of office chairs of female Hong Kong office workers and Chinese factory workers.
The aim of the second part of the study was to establish a more up-to-date database about the seated body dimensions of the above mentioned target group in order to set up guidelines for a more convenient office chair [5, 6] . This part of the research is further described under subsection 5.
USER EXPERIENCE
The study of the user experience of office chairs was held by means of interviews, focus groups and questionnaires in order to explore where the subsequent anthropometric research had to focus on. Special attention was given on the following topics:
What were the physical problems with the chair?
How did its users perceive the office chair?
What kind of improvements should be made?
Methods User Experience

Participants
For the interviews nine subjects and for the focus groups another nine subjects were recruited at the Hong Kong Polytechnic University. Questionnaires were used to survey 144 office workers from the Hong Kong Polytechnic University and 80 factory workers from China. The subjects from Hong Kong were all employees of the Hong Kong Polytechnic University and were recruited via emails and personal contact.
The only criteria for selection were that the participants had to be female and working in an office environment. No further selection was made on pain level, age or educational level. The subjects from China were all female factory workers from the same factory. They were recruited by contacting the factory. Also here no further selection was made on pain level, age or educational level. The questionnaires were translated into Cantonese and were filled in with the aid of a translator, as some of the participants were illiterate. All of the subjects participated voluntary in the research as no compensations were given to the subjects.
Procedures
Three different data collection methods were used:
1.
Interviews: Structured interviews took place in a separate room of the Hong Kong Polytechnic University in a personal atmosphere and lasted about half an hour. The interviews were recorded with a voice recorder. The subjects were interviewed about the physical and psychological aspects of their office chairs.
2.
Focus groups: Three focus groups were carried out with respectively four, two and three subjects. The focus groups were recorded on video. One researcher served as a moderator while another researcher made annotations. The focus groups lasted between one and two hours and took place in a separate room at the Polytechnic University of Technology.
The focus groups started with a question form asking the subjects to rate the importance of the different aspects of the chairs and which aspects they liked most/less. Accordingly a group discussion was held.
Finally the subjects were asked to design a personal chair in order to get insights about their favour in form and colour of office chairs.
3.
Questionnaires: All subjects that were measured within the anthropometric research were interrogated with questionnaires that included questions about the most important problems users have with chairs, complaints and sitting hours.
The questionnaires were handed out before doing the measurements in a separate room of either the Hong Kong Polytechnic University or the factory in China.
All studies, the questionnaires, the interviews and focus groups took place during office hours.
Data Analysis
The outcome of the interviews was evaluated and compared based on the following aspects: size of the chair, adjustability, back and neck pain and psychological aspects.
The subsequent discussion was evaluated on the same aspects as with the interviews. With regard to the questionnaires the data was processed in tables and graphs.
ANTHROPOMETRICS
The second part of the research consisted of an anthropometric study of the seated body dimensions of 225 office and factory workers in Hong Kong and China.
The main issue of this research was to establish a database that is useful, reliable and accessible. Before starting the measurements, the exact method and the way of approach needed to be defined. The stepwise approach included the following topics:
• Identify the target group The following subsections discuss who the subjects are and how they were obtained and classified in order to allow a researcher to compare the sample with samples from related research projects.
Sample Size
The study was conducted using a sample size of 225 subjects. Using a confidence level of 95% and taking into account that two different populations are measured (office workers in Hong Kong (145 subjects) factory workers in China (80 subjects)) a sample size of approximately 300-500 subjects would be recommended [7] to give more precise data of the population. However with regard to the small time span of the project a total sample size of 225 subjects was taken.
Target Group
The target group was primarily female Hong Kong Chinese office workers, who use office chairs and whose most common tasks are seated computer-and deskwork. There is a wide diversity of body dimensions due to nutritional improvements and genetic shift. Interesting to mention is that the Hong Kong women are a mix from all over China, many escaping the communist regime over the past 40 years. For that reason the diversity of the target population of the sample was extended to factory workers in the surrounding of Hong Kong in order to compare the datasets and find out the possible differences. Also the women here have migrated to South China for work, some even from rural areas far removed geographically. Due to this expansion it is also possible to compare the outcomes with the survey of J rgens [4] held in South China.
The age range of the subjects was between 17 and 52 years. Older subjects sometimes did not want to tell their age, as this is a very sensitive issue in China. Age is a continuous variable and subjects in their 20's are anthropometrically different from individuals in their 50's. The average factory worker was remarkably younger than the average office worker. See Fig. (1) for age ranges of subjects.
Recruitment of Subjects
The female Hong Kong office workers were recruited at several departments of the Polytechnic University, as the study was initiated there. The Hong Kong office worker population was composed of lecturers, research staff and students who used an office chair intensively. The second group consisted exclusively of factory workers who were recruited at a factory in Huizhou, China, that produced audio devices. The factory workers did half of their work in sitting position, and one half in standing position. These factory workers used office chairs for their sitting work. All subjects participated voluntarily in the research. As compensation an information leaflet about the proper sitting position was handed out afterwards to the subjects.
Variables
Based on the outcomes of the user-experience research, several variables were defined to provide information of the body dimensions that are useful for designing a better office chair. Different one-and two-dimensional body measurements were taken into account, e.g. the shape of the spine.
The decision was taken to measure the subjects in their working clothes to guarantee a quick progress without intimidating the subjects. As a result several body dimensions, like the shape of the spine, could not be measured properly and were therefore left out from the survey. The subjects wore light and tight office or working clothing.
Next to the most relevant sitting dimensions, basic body size descriptions like stature, weight and age were measured and/or inquired to obtain general information of the subjects and allow a better categorisation. Similar research projects [3, 8] were compared and were used to select the following variables (see 
Measures
Except for weight and age, the measurements were pointto-point distances and could be obtained manually.
Newer techniques like scanning or electromagnetic tracking were considered and tested. With regard to time, costs and space available, common manual measuring techniques turned out to be the most adequate for the purpose of this study.
Due these restrictions and the specific requirements for measuring the sitting position, the measuring instruments were custom-made for this particular study (Figs. 3, 4) .
Procedures
Prior to the main research, a pilot study was conducted for quality control of the measuring technique, sequence and equipment with the same subjects that were interviewed. Furthermore the measuring team was trained by repeating the measurements by means of intra-and inter-observer tests.
Each measurement started with a short description of the project and an explication how the subject will be measured. The time required for the measurements was 10-15 minutes per subject.
Data Analysis and Dropouts
The selected variables were measured based on international standard guidelines and former studies [3, 8, 9] . The collected data were processed using Excel and SPSS.
With regard to dropouts the extreme values were left out of the results, because they were not reliable (see 'number of measurements' in the measurements table). While carrying out the measurements, it was chosen to add the thigh thickness as a new measuring variable. For that reason the thigh thickness of the first 22 subjects measured in Hong Kong is not available.
RESULTS
Results User Experience
Physical Aspects of the Used Office Chairs
The most important aspect turned out to be the size of the chair. Fifteen of the 18 subjects from the interview and the focus group sessions stated that the size of the seated area is too deep and they can't reach the back of the chair. About half of the subjects that completed questionnaires in Hong Kong confirmed that the size of the chair was not appropriate for them. Fig. (4) . Taking the measurements: popliteal depth, sitting height, hip breadth.
About 10% of the 145 Hong Kong office workers stated in the questionnaires that they experience a lot of problems with their office chair, approximately 60% had some or a bit of complaints.
It turned out that 60% of the Chinese factory workers did not have any complaints about their office chair, only 37% had little complaints.
Furthermore the Hong Kong office workers regarded the size of the chair in relation to their small working space as a major issue as the armrests bumped again the desk.
The office chairs used in the factory had no armrests. The material of their office chairs was plastic. The factory workers put cardboard on their chairs in order to avoid sweating (see Fig. 5 ). Concerning the adjustability of the chairs 13 of the 18 subjects from the interviews and focus groups did not know how to adjust the chair and found it very difficult. Several subjects could not even reach the handles while seated because of the size of the chair. These subjects would adjust the chair more frequently, if it would be easier.
Nine subjects of the focus group and interviews stated that they had back or neck pain that was either caused or aggravated by their chair. They mentioned that their back got tired because of the poor back support.
39 of the subjects from Hong Kong and 19 of the subjects asked in China through the questionnaire indicated that they suffered from back or neck pain when they used the chair for a longer period. Two of the subjects needed to go into physiotherapy, because of their sufferings. One subject also suffered from pain in her wrists, she used a wrist bench to ease her pain. In Fig. (6) , it can be seen that material, back support and size of the back are the most important aspects. Design, colour, arm support are less important. A very interesting aspect was the use of a cushion, which was only noticed among the Hong Kong office workers. Eleven of the subjects that participated in the interviews and focus groups used a cushion. The cushion was used in order to support their back, as they couldn't reach the back, and/or in order to personalise it.
Psychological Aspects of the Used Office Chairs
It became evident that a good support and a good shape of the backrest are more important than the design and the colour of the chair.
Though, it turned out that for the office workers from Hong Kong the look of the chair was more important than for the factory workers.
Some of the subjects that were recruited in Hong Kong wanted to personalise their chair and have a chair that is outstanding and different to the other workers as nearly all chairs are the same in their office environment.
For all subjects from Hong Kong it was of particular importance that the chair looks clean and stains and dust are not visible.
The use and style of the cushion changed according to the professional position of the subject (see Fig. 7) . The higher the position the fewer cushions were used or a cushion with a more medical appearance. Several subjects mentioned that they still would use a cushion, even if their chair supported them properly, in order to personalise their chair.
Correlation Between Sitting Hours and Problems
The factory workers all worked around 8 hours a day. Their working position changed between sitting and standing as they are alternating working tasks every couple of weeks. Consequently some just spent some hours sitting per day.
Some office workers from Hong Kong used their office chair more than 8 hours per day, or had an office chair at home which they use a lot as well. Some only stay seated few hours, as they needed to walk a lot around during their office hours. Fig. (7) . Pictures of office chairs in Hong Kong.
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The correlation between the sitting hours per day and the problems is slightly positive. The more hours a female office worker uses her chair the more complaints she has about it. There is a similar correlation between age and the amount of problems. 
Results Anthropometrics
The obtained data about the seated body dimensions of Hong Kong office workers and Chinese factory workers were first processed into a database and accordingly analysed and compared with other databases.
General Measurement Results
In Table 1 , the measuring results of Hong Kong office workers and Chinese factory workers are shown. In Table 2 , the measurement results of a combined population of both groups are shown.
While processing the data it was noticed that some of the data were skewed or had kurtosis. This is a common phenomenon for "fat measurements", as hip breadth, thigh thickness [8] . Because of the skewness or kurtosis the measurements are not normally distributed. As in that case the P 3 and P 97 cannot be calculated by the mean and the standard deviation anymore, the P 3 and P 97 of each measurement are given.
ANALYSIS
Comparison of Hong Kong Office Workers with Chinese Factory Workers
As can be seen in Table 3 , most of the body dimensions of the Hong Kong office workers show significant higher values than those of the Chinese factory workers. In Fig. (8) , it can be seen that the difference of stature is mostly according to sitting height and popliteal height and lesser extend to popliteal depth. Also a difference in weight can be noticed.
Measurements, like thigh thickness and popliteal depth of the Hong Kong office workers are about equal to those of the factory workers. Fig. (9) indicates that the Hong Kong office workers show more variety in weight and length than the Chinese factory ladies. Chinese factory ladies fence are in the lower left part of the scatter plot. When neglecting the fact that the two sample sizes are not similar, it can be said that Chinese factory ladies are in general smaller and lighter than the Hong Kong office ladies.
Secular Changes
In Fig. (10) , it can be seen that there is a significant decrease of thigh thickness. This might be explained by the different measuring method, but there can also be a trend that the women got thinner.
To get an insight whether secular changes have occurred in the body dimensions of Chinese women, the results of this study were compared with two research studies held about two decades ago [3, 4] . The reported data were compared with the data of merely Hong Kong office workers measured in the present research.
The comparison shows that a general increase in the body dimensions of female workers in Hong Kong has taken place over the last 25 years.
Additionally the data about the Hong Kong office workers combined with the Chinese factory workers were compared with the retrieved data of a survey held before 1989 on the body dimensions of the female South China population [4] . Table 4b and Fig. (11) show that the body dimensions of Southern Asian women have increased since the last collection of data. The difference in body height is significantly higher than the one of the data of Hong Kong office workers compared with the data of the survey held in 1981 by Lee and Evans. Striking is the higher sitting height in comparison to the stature. This can possibly explained by the measuring method of the values of the former researches. This might also be an explanation for the decrease in hip breadth.
Comparison of Chinese Women with Western Women
In order to make a comparison, scale factors set up by Pheasant [8] were used to find out if there are differences in body proportions in comparison to Western women. These scale factors calculate the sizes of body segments of a certain population when only the mean and the standard deviation of the body height are known. Here the mean and standard deviation of the stature of the population measured in this study were translated with the scale factors and consequently compared with the values of the female Western population as given by Pheasant [8] .
It has to be noted that these scale factors are set up for Western women and populations that are compared should have the same body proportions. Consequently the outcomes are supposed to serve as indicator.
It was found that the upper body (the sitting height and shoulder height) of the Chinese women was relatively longer, whereas the lower part of the body was relatively shorter.
Heel Height
The Hong Kong office workers have an average heel height of 27 mm.
It was noticed that all China factory workers wore the same shoes, but as some shoes where older and more worn out than other ones the heel height varied. 
Fig. (8).
Significant values when comparing mean Hong Kong office workers with mean Chinese Factory workers (present study).
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Fig. (10).
Significant values comparing Hong Kong industrial workers [3] with Hong Kong office workers (present research). The average heel height or their factory shoes is approximately 10 mm.
DISCUSSION
Between 1961 and 2003 several anthropometric surveys were conducted. For this research the survey done by Lee and Evans in 1981 about Hong Kong industrial workers [3] and another survey held in South China [4] were compared in order to investigate whether secular changes occurred in the Hong Kong and Southern Chinese population. Table 4 shows that the body dimensions of Hong Kong compared with the outcomes of the survey held by Lee and Evans in 1981 have increased over the last 24 years. However, these data must be interpreted carefully, as the sample size of the research held in 2005 was not representative for the whole Southern population of China. Still, it is noticeable that the body proportions of the combined group are larger than the ones of the Chinese women, measured in 1989.
The data of the Hong Kong office workers compared with the study held in 1981 the thigh thickness has decreased and the combined data compared with the survey held in 1989 the hip breath seated has become less. This might be due to the fact that fat measurements are more difficult to measure and different approaches were applied, or there might be a trend that Chinese women are becoming thinner.
The remarkable higher values of the popliteal height and the sitting height of the data of the combined group might be a consequence of the different measuring equipment used.
When comparing the anthropometrics of Hong Kong office workers and Chinese factory workers it is noticeable that most of the body dimensions of the Hong Kong office workers were longer than the ones of the factory workers.
The difference might be due to the age difference between the two groups. Here it has to be noted that the average age of the China factory workers (23,3 years) is lower than the office workers (32,1 years). This is due to the cultural phenomenon that Chinese female factory workers usually work until they get married. According to Roede and Wieringen [10] Dutch women are fully-grown at the age of 18-19. No information about Asian women could be found.
In the database of the factory group two 17-year old subjects were included, which are with respect to age at the border of the above-mentioned range.
If the data of these two subjects were excluded from the statistics, then the same results were obtained. Hence it can be stated that the age difference in the sample size has a negligible influence.
As both groups were measured in spring 2005, with the same measuring equipment and by the same measurers, deviations cannot be attributed to external factors. It was found out that Hong Kong office workers show more variety in weight and body height than the Chinese factory workers (see Fig. 9 ). This might also be due to the larger age range of the Hong Kong office workers.
When comparing the body dimensions of Chinese women with Western women it was found that the upper body (the sitting height and shoulder height) of Asian women is relatively longer, whereas the lower part of the body is relatively shorter. Especially the popliteal depth of Asian women turned out to be noticeable shorter.
This confirms the outcomes of earlier studies held by Eveleth and Tanner in 1976 [3] who showed that far Eastern samples have proportionally shorter lower limbs than European male and female samples.
This comparison demonstrates that it can be presumed that office chairs designed for the Western population are not necessarily adequate for Asian women. Still this comparison is only an approximation and will be interesting for further investigation.
Due to the above-mentioned anthropometric differences between Western women and Hong Kong and Chinese women it is not surprising that the latter experience several problems with their office chair.
The user research showed that many subjects, especially the Hong Kong office workers, had back pain, which was in most cases explained by the poor back support and because they don't adjust their office chair very well.
The differences in outcome between the Hong Kong office workers and the Chinese factory workers were noticeable. The most remarkable fact was that hardly any of the Chinese factory workers encountered complaints. This may be due to the active working position and the movements they make while working. Further it is possible that the subjects didn't dare to answer honestly because the questionnaire was filled in by a staff member as some of them were illiterate.
Still, the support of the upper part of the body is an issue, as their working position is mostly leaning forward, which caused some of the subjects pain in their waist or back. The chairs used in Hong Kong were covered with textiles whereas the office chairs in the factory were made of plastic. The factory workers reported that the chairs get very hot, especially in the summer. For that reason most of the chairs in the factory were covered with cardboard in order to avoid sweating.
The factory workers did not mention the appearance of their chairs, whereas the Hong Kong office workers are concerned about the appearance of their chair. For the latter mentioned it is important that their chair looks clean and that they don't sweat, because of the material of the chair. Another interesting fact is the use of a cushion that was not only used to support the chair, but also to personalise their office chair.
RECOMMENDATIONS FOR AN IMPROVED OF-FICE CHAIR
-Smaller or adjustable seat width (based on results of this study 33-45 cm)
If you are small you don't want to sit in a chair that makes you wide.
-Less deep seat pan or adjustable backrest (based on results of this study 35-43 cm).
If the users back can not reach the back rest, the Hong Kong users will fill this room with own material, which is not always supporting the back, and especially the pelvis, in a proper way.
-Reachable handles for small ladies.
Currently the handles are mostly not used because the users cannot manipulate the handles.
-It should be easier to adjust vertical seat, because currently their body weight is too low to get the seat down.
Halve of the body weights are lower then 51 kg, which makes it difficult to push the seat downwards -Additional colourful skins to personalize the chair, see It would be starting a new trend to create skins like a mobile phone offers to its customers to personalize your chair; the Hong Kong users are very eager to dress their chairs.
-The skins must have a high resistance against sweatspots; the users are eager to avoid seeing sweat spots.
The researchers observed a high priority to avoid any glance of a sweat or dirt spot. 
Methodological Aspects
This study was intended to give a first insight into the approach of anthropometric studies in China. It should be mainly used to get ideas about the emerging trends in the female population in China, such as secular changes in com-parison with former studies and differences in body dimensions between Chinese and Western women.
The results of this study also indicate in which parts of this study further investigation would be useful with more subjects.
For a more extensive study newer and proper measuring equipment is necessary to make more precise and quicker measurements.
One drawback of the used measuring equipment was that is was not suitable for the biggest hip breadths, a wider measuring box would be necessary.
It would also be useful to use the computer as an error reporter, which alerts the measurers when an improbable value is imported. Some women did not want to report their age or weight. As these measurements are very important another way to get this data must be found.
Some tools, like for example the caliper were sometimes terrifying to some women. It is important to explain first or demonstrate how and why this instrument is used.
